The extent of the persistent seed bank of a plant must be known in order to fully understand the germination ecology of the species (Baskin and Baskin 1998) . In addition, the viability of a plant's seeds must also be maintained in order for the plant to be successful (Fenner 2000) . A seed bank is a reserve of viable, ungerminated seeds in the soil. Seeds are considered viable if they have the ability/potential to germinate under favourable conditions (Baskin and Baskin 1998) . There are two categories of seed banks: transient and persistent. A transient seed bank refers to a short-term storage of seeds, that is seeds that are viable for one year or one germination season. The seeds in the transient seed bank therefore germinate in the first year after dispersal. Any seeds that are dormant and survive to subsequent germination seasons are considered to be part of the persistent seed bank. The persistent seed bank contains seeds that remain viable in the soil for at least two germination seasons, making this a long-term reserve of seeds that are at least one year (or one germination season) old. A knowledge of both the extent of the seed banks and the germination potential of seeds of S. laurentianum constitutes crucial baseline data to develop a management plan for the species.
The specific goals of this study were: (1) to estimate the quantity of seeds in the seed bank (both transient and persistent) for S. laurentianum at each of the selected sites in PEI in order to evaluate the ability of the plant to maintain current populations, and (2) to test the viability of seeds in the persistent seed bank and the transient seed bank.
Materials and Methods

Population Surveys
Five sites within the PEI National Park (Figure 2 ) were visited. Total population counts were made at the Covehead Pond and East Marsh A sites because of the small number of plants at these locations. The Western Wetland site was also surveyed to confirm that no asters were growing there. Population estimates were recorded for Dune Slack and East Marsh B sites because of the large population sizes. These estimates were accomplished by using a grid system. The general area where the plants were growing was subdivided into 0.5 m 2 sections. A random number of sections was selected and all plants within these grids were counted. These counts along with the total area of the site were used to extrapolate the approximate number of plants found at each site.
Collection of Soil Samples
Soil cores were taken from five sites within PEI National Park (Figure 2 ), the only location in the province where the plant is found: Covehead Pond, Dune Slack, East Marsh A, East Marsh B and Western Wetland. Three transects were run at each site except Covehead Pond. Twenty coring points were flagged along three transects in Dune Slack. Due to sampling limitations imposed by Parks Canada, only ten coring points were flagged along three transects at East Marsh A and a further ten along the three transects at East Marsh B. Similarly, ten coring points were also flagged along the three transects for Western Wetland. Eleven coring points were flagged at Covehead Pond in a slightly different manner because of the physical nature of the site. Four transects were run from the water's edge of the pond to the high tide mark along the traditionally heavily populated side of the pond. Eight coring points were flagged evenly among these transects and the remaining three points were spaced evenly along the other side of the pond where the plants were also reported to grow.
Two sets of soil cores were taken from each site: one during late June/early July, and another during late August/early September. These dates were chosen to correspond to the type of seed bank that was sampled. The late June/early July samples were taken before the emergence of the 2002 season plants, to ensure that the transient as well as persistent seed banks were included. The late August/early September samples were taken after all the seeds that were going to germinate that season had germinated. Consequently, only the persistent seed bank was included in this specific sample date.
All the core samples were taken using an Oakfield "LS" 36" soil sampler with an effective coring length of 24 cm and an inner diameter of 1 inch. In order to study the vertical distribution of seeds in the soil, each soil core was divided equally into a top, middle, and bottom section. Each section of the core was labelled, placed into a separate bag, and put in a freezer set at -4°C until processing which took place two weeks to three months later. All seeds found in the soil samples were tested for viability.
Viability Testing
Seeds were tested for viability using 2,3,5-triphenyl tetrazolium chloride (TTC) (Grabe 1970) . The TTC test is based on a colour reaction: any seeds that are viable will stain pink/red. Complete achenes (containing seeds) were placed on a piece of filter paper in a petrie dish, and left overnight to soak in distilled water. The next day, when the seeds were fully imbibed with water, they were dissected out of the achene fruit wall and seed coat. After removal of the seed coat, the embryos were placed in a 1% TTC solution for two hours at 35°C, as prescribed for dicotyledonous seeds. The embryos were then evaluated for viability according to the scheme developed in Grabe (1970) . As a general rule, the radicle, shoot tip and cotyledons must stain pink/red in order for the seed to be considered viable.
Statistical Analysis
The viability of seeds in the soil was compared graphically for vertical distribution and sampling dates. Statistical analysis was not possible on these data because there was no replication. Due to the vulnerable status of the plant, sampling was limited by restrictions on collecting imposed by Parks Canada. The vertical distribution of seeds and fruit walls within the soil was compared using Kruskal-Wallis tests (non parametric equivalent of ANOVA). All data from the five sampling sites on PEI were pooled for analysis.
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Results
Population Sizes
Population sizes for all known PEI sites are shown in Table 1 . All populations experienced a decrease in numbers, the most noticeable of these being the population at the Dune Slack site with more than 95% decline. The smallest population at the Covehead Pond site also experienced a decrease from 243 individuals in 1999 to only 10 individuals in 2002.
Seed Banks
A total of 122 cores were taken from PEI sites. Of these, 32 contained at least one seed. There were significantly more seeds in the top portion of those cores than in any other portion of the soil samples ( Figure  3 ; Kruskal-Wallis test; P < 0.05, n=45 for each portion). The non-random distribution of the seeds, as evidenced by the highly variable number of seeds found in the core samples, is also highlighted in Figure 3 . This may be related to where the plants clustered the year before, a factor we were not able to determine prior to establishing coring sites.
Seed Viability
There was a noticeable decline in the percentage of viable seeds among the top, middle, and bottom sections of the soil cores taken on PEI. We found that 28.4% of the seeds in the top section of the cores were viable compared to 20% of the seeds in the middle section of the cores. None of the seeds in the bottom section of the cores were viable.
There was a marked decline in the percentage of viable seeds between the late June/early July sample and the late August/early September sample (Figure 4) . The percentage of viable seeds in the persistent seed bank (2%) is practically non-existent when compared to the viability of the seeds in the persistent and transient seed banks combined (53%). This means that the majority of viable seeds germinate within one year of being produced.
Discussion
Population Sizes
Symphyotrichum laurentianum populations on PEI continue to show dramatic fluctuations and it can be very difficult for an annual plant to rebound from these declines in population size. Although the Dune Slack site was considered one of the two largest populations on PEI; its rate of decline, if maintained, will bring the population down to a size comparable to the smallest populations. A comparatively small population at Covehead Pond has been relatively stable at 150 to 300 individuals for the past ten years but the last population count found only ten individuals which, coupled with the low viability of seeds in the seed banks, indicates that this site is on the verge of extinction if preventive measures are not taken.
The Island Nature Trust, a local conservation organization, conducted a survey of suitable areas on PEI in 2002 to locate new populations of S. laurentianum. Several prime candidate habitats were located but unfortunately no asters were found at those sites (MacQuarrie, personal communication).
Seed Banks
There appears to be a lack of mixing of the soil in the salt marshes which causes a clustering of seeds in the top sections of the soil. This trend is obvious in the vertical distribution of seeds shown in Figure 3 . Seeds that remain trapped in the upper layer of the soil are more likely to get exposed to the elements thereby potentially affecting the viability of the embryo.
One of the most meaningful results from this study is the fact that the viability of seeds in the persistent seed bank is practically non-existent. This can be devastating for an annual plant such as S. laurentianum. Without the long-term storage of viable seeds, this plant is vulnerable to short term changes in its habitat, both natural and anthropogenic. During the summer of 2002, the Dune Slack site was heavily flooded during a storm. This caused the site, and consequently the maturing aster plants, to be smothered in eel grass. Since the Dune Slack population had already experienced a dramatic decrease in size between 1999 and 2002, the necessary number of mature viable seeds needed to survive this natural short-term event may not be available.
Covehead Pond is an example of a site that is very likely to become extinct due to anthropogenic causes. This site is isolated from Covehead Bay by a road. The culvert that is presently in place did not allow proper drainage from the pond during the summer of 2002 and caused this site to be flooded. The ten plants that were seen at this site in 2002 were flooded by water and also smothered by eel grass. This occurred at a crucial time during seed maturation. Only one plant was found at the Covehead site in 2003.
Status of the Species
In 2003, there were 441 Canadian species at risk, and 140 of these were plants (Committee on the Status of Endangered Wildlife in Canada 2004*). Until recently, there has been very little in terms of Federal legislation in place to protect these species. The Species at Risk Act (SARA) which came into effect in 2002 will hopefully facilitate this process especially with regard to developing a plan for the recovery of every extirpated, endangered, or threatened species.
The results of this study show a disturbing trend: the estimated number of seeds in the seed banks is low, the viability of the seeds in those seed banks is also low (especially in the persistent seed bank), and the populations are declining. The Gulf of St. Lawrence Aster is currently under review and it is important that all available information on the biology of the species be considered (especially information pertaining to seed banks). The status of this plant has recently been updated to "threatened" which is defined as "a species that is likely to become endangered if nothing is done to reverse the factors leading to its extirpation or extinction" (Committee on the Status of Endangered Wildlife in Canada 2004*). This new designation confirms the urgent need to design a management plan for S. laurentianum to ensure that it does not become extinct. Although harsh weather patterns leading to strong winds and flooding cannot be prevented (i.e., extreme flooding of the Dune Slack site during summer of 2002), alternate measures such as transplanting ex situ plants into affected sites should be considered. Preliminary results show that seedlings of S. laurentianum can be grown from seed and transplanted from culture medium to soil with a relatively high success rate (Stewart 2000*) . However, a population decline and loss of suitable habitat due to anthropogenic activities can be prevented and further steps, such as ensuring proper drainage at a site such as Covehead Pond, should be taken.
